Introduction
Photoperiod is the principal factor determining the length and timing of the breeding season in ewes (for review see Karsch et al., 1984) , and within the period of cyclic activity there is a marked seasonal change in ovulation rate (Land et al., 1973; Allison & Kelly, 1979) . Therefore, to achieve maximum production, mating must be restricted to a period of 4\p=n-\6 weeks early in the breeding season when ovulation rate is highest. This represents a major constraint in the organization of sheep management systems.
In addition to the annual cycle of reproduction, there is a marked seasonal pattern of wool growth in long-woolled breeds; summer wool growth rates are typically 3\p=n-\5times those in late winter (Story & Ross, 1960; Sumner & Wickham, 1969) . There is strong evidence that the seasonal change in wool growth is under the control of photoperiod: the pattern is reversed by reversing photoperiod (Morris, 1961) ; acceleration of the wool growth pattern or shedding cycle occurs when animals are exposed to alternating periods of long and short days (Hutchinson, 1965; Ryder & Lincoln, 1976; Lincoln et al., 1980; Lincoln, 1984; Lincoln & Ebling, 1985) , and exposure to continuous light or dark can lead to the gradual extinction of the previous pattern of wool growth (Hart, 1961; Hutchinson, 1976) .
Across breeds there is a positive association between the seasonalities of wool growth and reproduction. For example, the Merino breed that has a long breeding season shows little or no effect of photoperiod on wool growth (Nagorcka, 1979) . At the other extreme, primitive breeds such as the Soay have a short intensive breeding season and a pronounced seasonal cycle of wool follicle activity and shedding (Ryder & Lincoln, 1976 (Hawker & Crosbie, 1985 Hawker & Crosbie, 1985) , the Group L ewes grew 3% less wool in summer than those in Group and 47% more in winter. During the present experiment (Fig. lb) , ewes in Group L grew 17% less wool than did those in Group during January and February (10-4 and 12-5 g/day, s.e.d. = 0-7), but 68% more wool in July and August (4-9 and 2-9 g/day, s.e.d. = 0-4). Data on ewe liveweights were analysed up to 24 September. There were no significant differences in liveweight between the two breeds throughout the experiment. Ewes in Group H were consistently heavier than those in Group L (Fig. la) There was a significant effect of date of observation on the proportion of ewes ovulating (P < 001). The proportion of ewes ovulating remained above 90% until mid-August and then fell rapidly. By 8 November only 8% of ewes were still ovulating. The effect of breed on the proportion of ewes ovulating was significant (P < 0-01, Fig. 2a) , with a higher proportion of Perendale ewes ovulating during July to November. The proportion of ewes ovulating also differed significantly between Groups H and L (P < 001, Fig. 2b ). During July to November the proportion of ewes The proportion of ewes that had multiple ovulations decreased significantly with time (P < 0-01). On 10 April, 97% of the ewes had multiple ovulations and by early September this proportion had declined to 10%. There was a small, but significant, difference between the breeds. Perendale ewes had a consistently higher proportion of multiple ovulations than Romney ewes (56% and 50%, < 0025). Over the experiment more ewes in Group L had multiple ovulations than did those in Group ( < 0*01, Fig. 3) (1976) studied ewes in this environment and observed that, compared with Romney ewes, the last detected oestrus was 7 days later for Perendale ewes. However, the differences between the wool growth groups were similar for the Romney and Perendale ewes and there were no significant interactions between breed and wool growth group for any of the variables studied.
The difference in ovulation rate between the ewes in Groups L and H was large and consistent considering the relatively small number of ewes involved. Averaged over the experiment, the difference was 0-21. To achieve a similar difference by nutritional manipulation requires a 10 kg difference in ewe liveweight during the mid-breeding season (Allison & Kelly, 1978; Morley et ai, 1978; Kelly & Johnstone, 1982) . It is possible that the groups may not differ substantially in ovula¬ tion rate at the peak of the breeding season and the differences subsequently recorded may result from a delay in the seasonal decrease in ovulation rate in the Group L ewes. This is suggested from the observations that the smallest difference between the groups occurred in April, and that the proportion of ewes with multiple ovulations in Group H dropped markedly between April and May (Fig. 3) (Hafez, 1952) . In ewe breeds with an extended season, it appears that selection can either advance the onset or delay the end of the breeding season rather than extend the breeding season in both directions. For example, the beginning of the breeding season is advanced by 1-2 months in Dorset (Hafez, 1952; Kelly et ai, 1976; Webster & Haresign, 1983) and Tasmanian Merino ewes (Wheeler & Land, 1977) , but the breeding season ends at a time similar to that of other breeds. In contrast, Finnish Landrace (Wheeler & Land, 1977) and Romanov ewes (Land et ai, 1973) (Land et ai, 1973; Wheeler & Land, 1977) . Higher ovulation rates do not occur in the Dorset or Merino breeds which have an early onset to the breeding season (Kelly et ai, 1976; Wheeler & Land, 1977) . Selection on seasonal wool growth in the present experiment was associated with effects on both ovulation rate and the end of the breeding season, although the magnitude of the effects was smaller than that observed in the Finn and Romanov breeds.
The observation that phenotypic selection within breeds on seasonal wool growth pattern, breed differences, and nutrition can act to modify either the beginning or end of the breeding season (but not both), supports suggestions that the mechanisms controlling the onset and the end of the breeding season may differ (Montgomery et ai, 1985) . Studies on the control of seasonal breeding in sheep have demonstrated two effects of photoperiod on changes in gonadotrophin release, a seasonal change in LH pulse frequency in the absence of steroid feedback ('direct photoperiodic drive') and marked seasonal variation in the sensitivity to steroid feedback (for reviews see Lincoln & Short, 1980; Martin, 1984; Karsch et ai, 1984) . The exact role of the two effects in the control of the beginning and the end of the breeding season remains to be determined.
In conclusion, phenotypic selection on seasonal wool growth patterns increased ovulation rate and delayed the end of the breeding season. Models for the control of seasonal breeding must take account of differences within and between breeds resulting in independent effects on the beginning and end of the breeding season and associated changes in ovulation rate.
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